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USE OF OAK HAMMOCKS BY NEOTROPICAL MIGRANT 
SONGBIRDS: THE ROLE OF AREA AND HABITAT 

SCOTT G. SOMERSHOE 12 AND C. RAY CHANDLER 13 


ABSTRACT.—Many species of Neotropical migrant songbirds have declined in recent decades, due in part 
to loss and fragmentation of stopover habitat. To properly manage forested landscapes for migrating songbirds, 
information is needed on how size and habitat structure of forest patches influence their use by migrants during 
stopover. We conducted surveys of Neotropical migrant birds in eight oak hammocks of varying size (0.32-3.08 
ha) at the Savannah National Wildlife Refuge, Jasper County, South Carolina during spring migration 1999 and 
2000 and fall migration 1999. Hammock size was the most important factor related to number of total species, 
species per day, individuals per day, and density of migrants. Differences in vegetation structure and patchiness 
among hammocks did not explain differences in migrant abundance. Density of migrants tended to be higher in 
smaller hammocks, particularly during spring. Hammock use was generally similar between seasons and years. 
Two forest-interior breeding species occurred more often in the largest hammocks, suggesting that interior species 
are susceptible to forest fragmentation while en route. We suggest that protection of larger (versus smaller) tracts 
of forest is more beneficial to migrating songbirds, especially declining forest interior species. Received 22 April 
2003, accepted 19 April 2004. 


In recent decades many species of Neotrop¬ 
ical migrant birds have undergone population 
declines (Faaborg and Arendt 1992, Gauth- 
reaux 1992, Peterjohn et al. 1995). Although 
these declines may be linked to loss of habitat 
on the breeding grounds in North America and 
wintering grounds in Mexico, the Caribbean, 
and Central and South America (Robbins et 
al. 1989b, Askins et al. 1990). the loss of suit¬ 
able stopover habitat has also been implicated 
(Moore et al. 1990). Thus, an important first 
step in managing land appropriately for en 
route migrant landbirds is to identify habitat 
features that are important in selection of stop¬ 
over sites. 

The maritime forests along the southeast 
Atlantic and Gulf coasts are a valuable re¬ 
source for songbirds (Cohrs and Cohrs 1994, 
Moore et al. 1995). On the coasts of South 
Carolina, Georgia, and northernmost Florida, 
maritime forests are dominated by live oaks 
(Quercus virginiana ), and occur as large con¬ 
tiguous patches of forest on barrier islands, 
the immediate mainland, and as small patches 
(oak hammocks) scattered among coastal 
marshes. Although contiguous patches of mar¬ 
itime forest occur on barrier islands and the 
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adjacent mainland, oak hammocks are natural 
formations located on small (<0.4-500 ha) 
patches of well-drained soil among coastal 
marshes isolated from other oak hammocks 
and forests. In six coastal Georgia counties, 
more than 1,200 oak hammocks have been 
identified, with 85% of these smaller than 4 
ha (Georgia Department of Natural Resources 
2002). The rising value of coastal property has 
led to development of large patches of mari¬ 
time forest (large oak hammocks and barrier 
islands) as well as smaller and more isolated 
hammocks (U.S. Fish and Wildlife Service 
1993, Georgia Department of Natural Re¬ 
sources 2002). 

As development reduces the amount of 
maritime forest cover, migrant birds may ex¬ 
perience reduced refueling rates and may in¬ 
cur increased en route mortality (Petit 2000). 
Stopover ecology of Neotropical migrant 
songbirds along the southeastern coast has re¬ 
ceived little attention despite recent songbird 
declines and rapid coastal development. In ad¬ 
dition. no studies have been conducted on 
songbird use of hammocks during migration. 
Hammocks are accessible only by boat and 
the expense and difficulty in accessing ham¬ 
mocks has prevented thorough songbird stud¬ 
ies from being conducted. Oak hammocks 
may be critical habitat for Neotropical migrant 
songbirds (Cox 1988), but little is known 
about how migrants use hammocks during 
stopover (Hillestad et al. 1975, Cox 1988, 


56 



Somershoe and Chandler • MIGRANTS IN OAK HAMMOCKS 


57 


Cohrs and Cohrs 1994). Lack of knowledge 
on hammock use by migrants may hamper ap¬ 
propriate management of this habitat along the 
coast of the southeastern United States. 

A representative example of oak hammocks 
along the southeastern coast occurs at Savan¬ 
nah National Wildlife Refuge (SNWR), Jasper 
County, South Carolina. Several hammocks 
are readily accessible via a series of impound¬ 
ments used to control water levels. Hammock 
size distribution and vegetative communities 
are similar to those found elsewhere in Geor¬ 
gia and along the southeastern Atlantic coast 
(Georgia Department of Natural Resources 
2002), making SNWR an ideal location to 
study songbird migration. 

We assessed migrant stopover use of oak 
hammocks to determine whether (1) abun¬ 
dance of migrating Neotropical songbirds in¬ 
creases with hammock size, (2) vegetation 
structure influences the abundance and diver¬ 
sity of migrants, and (3) edge and forest in¬ 
terior species use hammocks differently. 

METHODS 

Study area .—We conducted our study from 
April 1999 through May 2000 at the SNWR 
(32° 15' N, 81° 11' W), Jasper County, South 
Carolina. The study site is located on the low¬ 
er coastal plain approximately 16 km from the 
Atlantic Ocean and comprises 4,306 ha of 
freshwater marsh and scattered forest. We lo¬ 
cated 1 1 oak hammocks on SNWR that were 
accessible from a series of impoundments 
used to control water levels. We selected eight 
of these hammocks for surveys so as to span 
the range in size of fragments (0.32, 0.57, 
1.05, 1.13, 1.29, 1.70, 1.86, and 3.08 ha) at 
SNWR; this range represents most hammocks 
in the coastal region. Study hammocks were 
isolated from one another by >0.4 km of 
freshwater marsh and were located 1.6-3.0 
km from adjacent forests. Hammock isolation 
reduced movement of migrants among ham¬ 
mocks and adjacent forests during surveys. 
The three hammocks not selected were diffi¬ 
cult to access or near adjacent forest. We mea¬ 
sured the area of each fragment (±5%) with 
a Corvallis Microtechnology MC-V Global 
Positioning System differentially corrected to 
the Charleston, South Carolina base station. 

Bird surveys .—During spring 1999 and 
2000 (10 April-12 May), we surveyed birds 


in each hammock 26-29 times, and, during 
fall 1999 migration (25 September-30 Octo¬ 
ber), we surveyed each of five hammocks 23 
times. Surveys were conducted 4-5 times 
weekly. We surveyed fewer hammocks in fall 
to allow for an increased number of surveys 
per hammock in one field season. We chose 
the two largest and two smallest hammocks 
for surveys during fall migration and random¬ 
ly chose a fifth (1.29 ha) from the remaining 
four hammocks. 

We estimated songbird abundance and di¬ 
versity using a modified line transect. Because 
some study plots were small (<0.6 ha), we 
could not use standard point or line transect 
techniques and therefore did not collect dis¬ 
tance data. We conducted our surveys along a 
pre-selected circular path through the gener¬ 
ally round forest patches. We followed a path 
that allowed for an audible and/or visual sur¬ 
vey of the entire hammock and recorded the 
presence of all birds observed within the ham¬ 
mock. Survey duration varied among ham¬ 
mocks, however we surveyed each hammock 
with constant effort per unit area (~2.1 ha/hr). 
We followed the same route during each sur¬ 
vey. Vegetation height, structure, and density 
were similar among hammocks, thus our abil¬ 
ity to detect birds within and among ham¬ 
mocks was similar. We surveyed hammocks 
in random order during the first 3.5 hr after 
local sunrise. We did not conduct surveys dur¬ 
ing rain or when winds were >24 km/hr. We 
defined Neotropical migrants according to 
Hunter et al. (1993). 

The migrants recorded in this study likely 
spent most of the day in the hammock where 
they were observed; thus, surveys were in¬ 
dependent on each day. We based this on the 
following; (1) we recorded only one instance 
of migrants moving between hammocks dur¬ 
ing surveys; (2) migrants often complete noc¬ 
turnal (light before civil twilight (Graber 
1968, Able 1970, Bellrose 1971k so most of 
the movement between hammocks probably 
occurred before we began the first survey after 
sunrise each morning; and (3) migrants typi¬ 
cally move only short distances during slop- 
over (Aborn and Moore 1997; L Farrington 
pers. comm.; J. Buler pers. comm.). 

We attempted to avoid recounting individ¬ 
uals within a hammock during each survey. In 
spring, a small number of migrants discontin- 
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ued migration and became summer residents 
during our survey period. If we repeatedly ob¬ 
served an individual of any locally breeding 
Neotropical species in the same location ex¬ 
hibiting nesting behavior (e.g., courtship, nest 
building), we considered the bird a local 
breeder and removed the individual from mi¬ 
gration surveys. We conducted surveys to 
quantity the breeding bird community in each 
hammock during late May and early June, 
confirmed local breeding pairs, and removed 
those birds (<20 birds) from our migration 
surveys. We removed no birds from fall sur¬ 
veys because we conducted all surveys after 
the breeding season, and few individuals were 
winter residents (SGS pers. obs.). We suspect 
some birds held territories during both spring 
and fall migration and the same individual 
may have been recorded on multiple surveys. 
The lack of temporal independence is inherent 
in all migration studies involving surveys of 
unbanded birds, however, from our observa¬ 
tions we suspect daily turnover rates were 
large (>90%) in all hammocks, with few in¬ 
dividuals staying for multiple days. All sur¬ 
veys were conducted by the same individual 
(SGS). 

Habitat characteristics. —We quantified 
habitat within each hammock in spring 1999 
following James and Shugart (1970). We used 
0.04 ha plots to quantify >25% of the area of 
each hammock. We measured (1) basal area 
of trees >10 cm diameter at breast height 
(dbh), (2) percent canopy cover, (3) percent 
herbaceous ground cover, (4) litter depth, (5) 
number of trees >10 cm dbh, (6) number of 
yaupon ( Ilex vomitoria) stems <10 cm dbh, 
and (7) number of other stems <10 cm dbh. 
We estimated yaupon stem density separately 
because yaupon is the dominant understory 
plant and it may provide fruit resources for 
fall migrants (Grimm 1983). 

The canopies of the oak hammocks were 
dominated by mature oaks ( Q. virginiana , Q. 
laurifolia , and Q. nigra), sweetgum ( Liquid - 
ambar styraciflua ), sugarberry ( Celtis laevi¬ 
gata ), chinaberry ( Melia azeclarach ). and Chi¬ 
nese tallow (Sapiuni sebiferuni). Pines ( Finns 
elliottii , P. palustris) and bald cypress ( Tax- 
odium distichum ) were present, but were a mi¬ 
nor part of the canopy. Understory vegetation 
was comprised primarily of yaupon, cherry 
laurel ( Primus caroliniana ), red maple (Acer 


riibrum ), saw palmetto (Serenoa repens ), 
greenbrier (Smilax spp.), mulberry ( Moms 
spp.), wax myrtle ( Myrica cerifera), and beau- 
tyberry ( Callicarpa americana). 

Statistical analyses. —We checked data for 
normality and homogeneous variances before 
conducting parametric tests. We used paired t- 
tests (data paired by hammocks) to examine 
differences in number of species per day, in¬ 
dividuals per day, and density of migrants be¬ 
tween years and seasons. We used linear re¬ 
gression to assess whether migrants consis¬ 
tently preferred certain hammocks across 
years or seasons. We used ANOVA to test for 
added variance among hammocks in number 
of individuals and species per day (abun¬ 
dance) and density (number of individuals per 
ha). The added variance addresses random ef¬ 
fects varying among groups (individual ham¬ 
mocks) and partitions variation into two types: 
(1) day-to-day variation within hammocks, 
and (2) variation among hammocks. 

We used principal components analysis 
(PC) of the correlation matrix of the original 
habitat variables to reduce vegetation data into 
fewer variables. For those PC axes with eigen 
values >1, we calculated mean PC scores and 
the variance in PC scores for each hammock 
and then used ANOVA to test for vegetation 
differences based on PC scores. 

To assess the effects of area (log trans¬ 
formed) and vegetation structure on the num¬ 
ber of species per day, individuals per day, 
and density we used least-squares linear re¬ 
gression. Slope (b) represents the direction of 
the relationship between hammock size or 
vegetation and the associated variable (abun¬ 
dance or density). A positive slope indicates 
a direct relationship, while a negative slope 
indicates an inverse relationship between the 
treatment (hammock size or PC score) and the 
variable (abundance or density). Analysis of 
how individual species used hammocks of 
varying size and vegetation structure included 
only species recorded on >7% of all counts 
during the season being analyzed. We set a = 
0.05 and conducted all statistical analyses us¬ 
ing JMP 3.02 Statistical Software (SAS Insti¬ 
tute, Inc. 1995). 

RESULTS 

We recorded 41 Neotropical species with a 
mean of 27.4 ± 2.8 (SE) individuals per day 
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TABLE 1. Richness, abundance, and density of Neotropical migrants in oak 
National Wildlife Refuge, Jasper County, South Carolina, 1999-2000. 

hammocks at the Savannah 





Hammock area (ha) 




0.32 

0.57 

1.05 

1.13 

1.29 

1.70 

1.86 

3.08 

Spring 1999 









Total species per season 

15 

12 

16 

22 

14 

19 

27 

25 

Mean number of species per day 

2.3 

2.7 

3.2 

3.9 

2.1 

4.3 

6.5 

5.7 

Mean number of individuals per day 

3.1 

4.4 

5.2 

6.7 

4.1 

7.3 

11.3 

8.3 

Mean density (number per ha) 

9.6 

7.7 

5.0 

5.9 

3.2 

4.3 

6.1 

2.7 

Fall 1999 









Total species per season 

12 

12 



18 


21 

21 

Mean number of species per day 

3.0 

2.9 



4.0 


5.4 

8.3 

Mean number of individuals per day 

7.2 

5.9 



9.2 


12.6 

32.9 

Mean density (number per ha) 

22.5 

10.4 



7.1 


6.8 

10.6 

Spring 2000 









Total species per season 

12 

16 

18 

20 

16 

19 

21 

21 

Mean number of species per day 

2.2 

2.7 

3.2 

3.0 

3.2 

3.0 

3.9 

6.3 

Mean number of individuals per day 

4.0 

4.5 

4.7 

3.8 

4.4 

3.9 

5.3 

10.1 

Mean density (number per ha) 

12.5 

7.9 

4.5 

3.4 

3.4 

2.3 

2.8 

3.3 


(sum for all hammocks) during spring migra¬ 
tion. We recorded 30 species with a mean of 
67.3 ± 7.9 (SE) individuals per day (sum for 
all hammocks) during fall. See Somershoe 
(2000) for a complete species list. 

During spring, the abundance and density 
of migrants per day did not differ among 
years. Density of migrants (F, 7 = 12.92, P = 
0.011, R 2 = 0.68) in each hammock in 2000 
could be predicted from 1999. On the other 
hand, number of species per day (F, 7 = 5.08, 
P = 0.064, R 2 = 0.46) and individuals per day 
(F K7 = 1.21, P = 0.32, R 2 = 0.17) were less 
predictable from year to year. Hammocks 
sampled in spring and fall (/? = 5) were used 
similarly in terms of number of species per 
day (F K4 = 15.07, P = 0.030, R 2 = 0.83) and 
density (F, 4 = 12.14, P = 0.040. R 2 = 0.80), 
but the number of individuals per day (F, 4 = 
15.12, P = 0.067, R 2 = 0.73) was less pre¬ 
dictable between seasons. 

Richness, abundance, and density of Neo¬ 
tropical migrants varied among hammocks 
(Table 1). During spring, 81-90% of the var¬ 
iation in species per day, number of individ¬ 
uals per day, and density of Neotropical mi¬ 
grants was attributable to consistent day-to- 
day differences within hammocks. During fall. 
46-71% of the variation in abundance and 
density was explained by differences within 
hammocks. 


We detected a significant relationship be¬ 
tween hammock area and number of total spe¬ 
cies, species per day, individuals per day, and 
density of migrants in both spring 1999 and 
2000, except for number of individuals per 
day in spring 2000 (Table 2). Total species per 
season and species per day were the only var¬ 
iables that varied by area during fall 1999. 
Larger hammocks attracted more species and 
more individuals (positive slope); smaller 
hammocks tended to hold a higher density of 
migrants (negative slope; Table 2). 

Three principal components accounted for 
63.8% of the total variation in vegetation. PCI 
described a gradient from relatively open for¬ 
est with large amounts of herbaceous ground 
cover to denser forest with deep litter and 
smaller amounts of herbaceous ground cover 
(27.8% of the variation). The gradient de¬ 
scribed by PC2 ranged from large amounts of 
total basal area and yaupon stems to areas 
with large numbers of trees and other stems 
(21.5% of the variation). PC3 depicted a trend 
from large numbers of other stems and a com¬ 
plete canopy to areas with a large mean litter 
depth (14.5% of the variation). Vegetation 
structure differed significantly among ham¬ 
mocks only along the first principal compo¬ 
nent axis (F 7 V) = 5.77. P 0.001). while no 
significant differences were found along PC2 
(F 7 * 1.74. P 0.13) and PC3 (/ % 
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TABLE 2. Linear regressions of hammock area on the number of species per season, species per day, 
individuals per day, and density of Neotropical migrants among hammocks at the Savannah National Wildlife 
Refuge, Jasper County, South Carolina, 1999-2000. R 2 values represent amount of variation in species per 
season, mean species per day, individuals per day, and density explained by among-hammock variation in area; 
h values represent the slope of the relationship between hammock area and the associated variable. 



Spring 1999 


Fall 1999 



Spring 2000 

P 

R 2 

b 

p 

R 2 

b 

p 

R 2 

b 

Total species per season 

0.044 

0.52 

12.8 

0.011 

0.91 

11.0 

0.002 

0.82 

12.2 

Number of species per day 

0.034 

0.55 

3.9 

0.046 

0.78 

5.0 

0.015 

0.65 

3.3 

Number of individuals per day 

0.029 

0.57 

6.6 

0.12 

0.61 

21.9 

0.10 

0.38 

4.2 

Density (number per ha) 

0.020 

0.62 

-6.1 

0.17 

0.52 

-1 1.7 

0.002 

0.81 

-10.4 


1.96, P = 0.082). The structure (mean PC 
score) and patchiness (variance in PC scores) 
of the vegetation in hammocks was unrelated 
to variation in richness, abundance, and den¬ 
sity of migrants in both spring and fall (all P 
>0.18; Table 3). 

We recorded 12 species during spring and 
11 species during fall on at least 7% of all 
counts (Table 4). Although eight species 
showed significant relationships between 
numbers of individuals per day and hammock 
area in spring, little variation in the relation¬ 
ship was accounted for by hammock area (all 
R 2 < 0.07). Of 10 species detected signifi¬ 
cantly more often in large hammocks during 
the fall. Eastern Wood-Pewee ( Contopus vi~ 
rens\ P < 0.001, R 2 = 0.27), Blue-gray Gnat- 
catcher ( Polioptila caerulea ; P < 0.001, R 2 = 
0.22), American Redstart ( Setophaga ruticilla ; 


P < 0.001, R 2 = 0.27), and Northern Water- 
thrush (Seiurus noveboracensis ; P < 0.001, R 2 
= 0.39) had substantive amounts of variation 
explained by the regression. We also found an 
interesting distribution of several species 
across hammocks. During spring, we did not 
detect Northern Waterthrushes in the smallest 
hammock, detected them only once in the next 
smallest hammock (0.57 ha), but we detected 
them regularly in the larger hammocks. Dur¬ 
ing fall, we found four species in only the 
three largest hammocks: Eastern Wood-Pe- 
wee. Northern Parula ( Panda americana ), 
Palm Warbler ( Dendroica palmarum ), and 
Northern Waterthrush. We detected Eastern 
Wood-Pewee and Northern Waterthrush in the 
largest hammock on 71 and 96% of all counts, 
respectively, and did not record them on any 
counts in the two smallest hammocks. A sig- 


TABLE 3. Linear regressions of PCI score (vegetation structure) and variance in PCI score (vegetation 
patchiness) on the number of species per season, species per day, individuals per day, and density of Neotropical 
migrants among hammocks at the Savannah National Wildlife Refuge, Jasper County, South Carolina, 1999- 
2000. Abundance, richness, and density were not related to vegetation structure (all P ^ 0.18). R 2 values represent 
amount of variation in number of species per season, species per day, individuals per day, and density explained 
by among-hammock variation in vegetation; b values represent the slope of the relationship between vegetation 
structure or vegetation patchiness and the associated variable. 




Spring 1999 



Fall 1999 



Spring 2000 



p 

R 2 

b 

p 

R 2 

b 

p 

R 2 

b 

Vegetation structure 

Total species per season 

0.67 

0.03 

-0.90 

0.64 

0.08 

0.99 

0.84 

0.01 

-0.32 

Number of species per day 

0.55 

0.06 

-0.37 

0.83 

0.02 

-0.22 

0.99 

0.00 

-0.01 

Number of individuals per day 

0.81 

0.01 

-0.25 

0.70 

0.06 

-1.99 

0.75 

0.01 

-0.26 

Density (number per ha) 

0.18 

0.28 

-1.15 

0.22 

0.44 

-3.18 

0.49 

0.08 

-0.07 

Vegetation patchiness 

Total species per season 

0.31 

0.17 

-1.15 

0.99 

0.00 

0.02 

0.30 

0.17 

-0.89 

Number of species per day 

0.19 

0.26 

-0.42 

0.63 

0.09 

-0.29 

0.74 

0.02 

-0.09 

Number of individuals per day 

0.28 

0.19 

-0.60 

0.59 

0.10 

-1.54 

0.71 

0.02 

-0.17 

Density (number per ha) 

0.54 

0.07 

-0.31 

0.84 

0.02 

-0.34 

0.89 

0.00 

0.13 












Somershoe and Chandler • MIGRANTS IN OAK HAMMOCKS 


61 


TABLE 4. Linear regressions of hammock area (ha) and vegetation structure (mean PCI score) on the 
number of Neotropical migrant individuals per day among hammocks at the Savannah National Wildlife Refuge, 
Jasper County, South Carolina, 1999-2000. We detected substantial variation (R 2 > 0.22) between hammock 
area and daily abundance for four species during fall 1999 migration (boldface). Neither hammock area nor 
vegetation structure explained much of the variation in daily abundance for other species in either season (all 
R 2 < 0.18). Species lacking information for either spring or fall indicate that minimum occurrence criteria were 
not satisfied (see text). 


Combined spring 




1999 and 2000 



Fall 1999 



Species 

% 

counts 3 

Area 

Vegetation 

structure 

% 

counts 3 

Area 

Vegetation 

structure 

P 

R 2 

P 

R 2 

P 

R 2 

P 

R 2 

Contopus virens b 






25 

<0.001 

0.27 

0.70 

0.00 

Myiarchus crinitus b 

30 

0.099 

0.03 

0.99 

0.00 






Tyrannus tyrannus b 

33 

0.044 

0.02 

<0.001 

0.05 






Vireo grisens b 






30 

0.001 

0.12 

0.82 

0.00 

Poliopti/a caerulea b 

28 

<0.001 

0.07 

0.01 

0.05 

39 

<0.001 

0.22 

0.57 

0.00 

Dumetella carolinensis b 

32 

0.25 

0.00 

0.29 

0.01 

74 

0.003 

0.08 

0.62 

0.00 

Parula americana b 

21 

<0.001 

0.06 

0.13 

0.01 

17 

0.001 

0.09 

0.005 

0.07 

Dendroica caerulescens c 

16 

0.005 

0.03 

0.57 

0.00 

14 

0.68 

0.00 

0.11 

0.02 

Dendroica palmarunP 






9 

0.004 

0.07 

0.54 

0.00 

Dendroica striata c 

9 

0.005 

0.03 

0.61 

0.00 






Mniotilta varia c 

15 

0.003 

0.04 

0.83 

0.00 






Setophaga ruticilla c 

22 

0.10 

0.01 

0.94 

0.00 

61 

<0.001 

0.27 

0.07 

0.03 

Seiurus noveboracensis b 

7 

<0.001 

0.07 

0.31 

0.00 

33 

<0.001 

0.39 

0.13 

0.02 

Geothlypis trichas b 

50 

0.007 

0.03 

0.08 

0.01 

57 

<0.001 

0.18 

0.032 

0.04 

Passerina cyanecp 






57 

<0.001 

0.12 

0.13 

0.02 

Icterus spurius d 

23 

0.92 

0.00 

0.13 

0.01 







a Percent occurrence over all counts. 
b Interior species. 
c Interior/edge species. 

d Edge/scrub species (definitions follow Whitcomb et al. 1981, Robbins et al. 1989a, Holmes 1994, Wilson 1996). 


nificant relationship between individuals per 
day and vegetation structure was detected for 
a few species, but only a small amount of the 
variation was explained by vegetation (all R 2 
< 0.07; Table 4). 

DISCUSSION 

Larger oak hammocks along the South Car¬ 
olina coast attract larger numbers of species, 
species per day, and individuals per day, while 
smaller hammocks tend to have higher den¬ 
sities of migrants. A substantial portion of 
variation in migrant abundance and density in 
spring was due to day-to-day differences with¬ 
in hammocks, while among hammock varia¬ 
tion explained migrant distribution in fall. 
This implies that there arc features of oak 
hammocks that are predictably associated with 
use by Neotropical migrants. 

One of the features is clearly si/e: larger 
hammocks contained more species and more 
individuals. Others also have found a positive 
species-area relationship for migrant birds in 


forest patches (Martin 1980, Cox 1988). The 
simplest explanation for this pattern is that mi¬ 
grants sort into hammocks at random as they 
arrive over the study area. If so, density of 
migrants should be similar among hammocks 
of different size. Our results show that large 
hammocks attract more individuals but small 
hammocks support higher densities of mi¬ 
grants (Tables 1, 2), which is inconsistent with 
random sorting (Martin 1980). Because many 
migrants discontinue nocturnal flight before 
sunrise, they may randomly choose a ham¬ 
mock upon landing and select more suitable 
habitat or hammocks before sunrise. As a re¬ 
sult. we might expect the distribution (4' mi¬ 
grants after hammock selection to he nonran¬ 
dom, as we found. 

Although Martin (1980) suggested that hab¬ 
itat diversity may be a better predictor of 
abundance of migrants than area, we did not 
detect a relationship between vegetation struc¬ 
ture and migrant richness, abundance, or den¬ 
sity. Although migrants exhibit habitat pref- 
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erences (Bairlein 1983, Lindstrom 1989), at 
the scale of our analysis, among-hammock 
sorting of the migrant assemblage was not 
correlated to features of the vegetation. 

If songbirds select migratory habitat in a 
way that is similar to how they select breeding 
habitat (Petit 2000), forest interior specialists 
also may show preferences for larger forest 
patches along the migration route (Whitcomb 
et al. 1981). Six species (Eastern Wood-Pe- 
wee. Blue-gray Gnatcatcher, Northern Parula, 
Palm Warbler, American Redstart, and North¬ 
ern Waterthrush) were found most often in 
large hammocks; thus, small hammocks (<0.5 
ha) may not provide adequate habitat. This 
suggests that fragmentation of forested stop¬ 
over sites may be detrimental to these species. 
Species such as the Eastern Wood-Pewee, 
which is declining in the eastern portion of its 
range (Breeding Bird Survey; Peterjohn et al. 
1995), might suffer from the effects of frag¬ 
mentation en route as well as on the breeding 
and wintering grounds. 

Number of individuals per day, likely the 
most variable of measurements, differed be¬ 
tween seasons and years because of the large 
variation in the daily number of individuals 
inherent in studies of migration. Although 
sources of variation in migrant abundance and 
density among hammocks differed between 
seasons, general patterns of similar numbers 
of species per day and density between years 
and seasons suggest that migrants are using 
similar criteria in selecting hammocks. The 
hammocks at SNWR are similar to others 
found in South Carolina and along the south¬ 
eastern Atlantic coast. Thus, consistent pat¬ 
terns in bird abundance and density between 
years and seasons may be applicable to other 
hammocks and our data may provide reliable 
information for developing management 
guidelines. 

Although oak hammocks are not remnants 
of larger, contiguous forest, migrants likely 
use the same criteria in selecting hammocks 
and fragments of maritime forest. Develop¬ 
ment on barrier islands will fragment contig¬ 
uous maritime forest, resulting in small patch¬ 
es of forest surrounded by unsuitable habitat 
(i.e.. houses, roads, etc.). Many of these new 
fragments will be of comparable size to nat¬ 
ural oak hammocks and the observed patterns 
of migrant richness, abundance, and density in 


hammocks at SNWR may apply to these new 
fragments. 

Our results suggest that management should 
emphasize preserving all hammocks for mi¬ 
grating songbirds; however, larger hammocks 
may be more beneficial to forest interior spe¬ 
cies. Future research should address the issues 
of habitat use, resource availability, and stop¬ 
over success in hammocks and remnant forest 
fragments. 
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